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A large body of data has demonstrated the presence of
voltage-dependent conductances in the dendrites of
many types of neurons. A subset of these conductances
are active at subthreshold membrane potentials and can
greatly affect the integration of synaptic inputs. To
understand the computations neurons perform it is key
to understand the role of active dendrites in subthres-
hold input processing. Here, we examine how active
dendritic conductances affect postsynaptic potentials
that propagate along dendrites and the interaction
between such signals. We focus in particular on coinci-
dence detection, one of the most basic operations a neu-
ron can perform, in which a neuron needs to detect the
occurrence of two or more EPSPs in a short time inter-
val (e.g. down to ~10 µs in auditory brainstem).
To systematically study the effects of active dendritic
conductances on synaptic inputs, we make use of the
so-called quasi-active description of dendritic cables [1],
an extension of classical passive cable theory, which
relies on linearizing the voltage-dependent conduc-
tances. Though the linearized description does not cap-
ture the full dynamics of the active currents, the results
c a ns e r v ea sas o l i dr e f e r e n c ef o rt h ee f f e c t so fa c t i v e
dendritic currents on propagating EPSPs. This approach
allows us to categorize active dendritic currents into
two types: restorative currents (e.g. Ih), which function
as a negative feedback and counteract changes of the
membrane potential, and regenerative currents (e.g.
INaP), which act as a positive feedback and amplify
membrane potential changes.
The two types have qualitatively different effects on
subthreshold EPSP propagation and interaction. Com-
pared to a passive cable’s response, the EPSP halfwidth
is decreased by restorative currents and increased by
regenerative currents. Moreover, these effects increase
as the EPSP propagates along the active cable. Interest-
ingly, restorative dendritic currents can maintain a con-
stant EPSP halfwidth or even gradually narrow the EPSP
as it moves along a dendrite. We find there is an opti-
mal activation time constant of the active dendritic cur-
rents to exert their maximal effect on the EPSP
halfwidth. Finally, since narrow EPSPs will only sum-
mate on short intervals, coincidence detection of dendri-
tic inputs is enhanced by restorative currents: the
coincidence window is narrower and is less dependent
on the exact locations of the inputs along the dendrite.
Conversely, coincidence detection is less precise when
the dendrites have regenerative currents, which cause a
wider coincidence window and stronger dependence of
the window on input locations.
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